Background: To evaluate the relationship between quality of life (QOL) and physical as well as psychological variables in Chinese breast cancer patients.
Background
China has traditionally been believed to have a low incidence of breast cancer [1] . However, in the past two decades, the age-standardized incidence of breast cancer has increased five-fold, from 6.4 per 100,000 in 1980 to 31.93 per 100,000 in 2011 [2, 3] . The reasons for this increase are multi-factorial and include longer exogenous as well as endogenous estrogen exposure due to "westernized lifestyles", the one-child policy, better provision and uptake of screening for breast cancer, better awareness about breast cancer in the Chinese population, and better diagnostic procedures [4, 5] . Considering the large population base of 1.34 billion, China is facing an increasing and enormous social and economic burden of breast cancer.
Given this background, improving the quality of life (QOL) of breast cancer survivors has significant social and public health implications. QOL is a subjective assessment of physical, psychological, and social well-being [6] and reflects patients' perceptions of the impact of breast cancer diagnosis and treatment on daily living [7, 8] . In Western countries, there are clear connections between QOL, depression, anxiety and somatic symptoms such as pain and fatigue in breast cancer patients [9] [10] [11] [12] . In a study on the 4-week prevalence of mental disorders in cancer populations, the highest prevalence of any mental disorder was found in patients with breast cancer (41.6%; 95% CI, 36.8 to 46.4%) [13] . Similar to patients from Western countries, breast cancer survivors in China experience a high level of depressive and anxiety symptoms [14] . Higher levels of depression and anxiety have been positively associated with a higher level of passive coping style and negatively associated with perceived social support [15] .
Several breast cancer studies in Western countries as well as in China have reported that some sociodemographic variables are associated with QOL such as age at cancer diagnosis, level of education, income, employment status, marital status, and social support [9, 11, 16] .
In addition, psychological factors such as illness perception [17] and sense of coherence have been found to be strongly associated with QOL in cancer patients [18, 19] . Illness perception is defined as an individual's cognitive (i.e., beliefs, ideas, thoughts) and emotional (i.e., feelings) perceptions of an illness [17] . Illness perceptions in women with breast cancer have been shown to be an important co-variable of QOL [20] . Higher scores on negative and threatening illness perceptions have been associated with lower QOL [21] . In cancer patients, health-related anxiety may be accompanied by inaccurate body perceptions, and patients' perceptions of symptoms combined with their concerns about illness may lead them to interpret harmless body sensations as symptoms of cancer progression [22] . While empirical studies of predominantly Anglophone cancer patients have indicated that negative illness perceptions are significantly associated with more psychological distress and worse QOL [23, 24] , it remains unclear how non-Western breast cancer patients interpret their symptoms.
According to the "salutogenic model", sense of coherence (SOC) plays an important role in human health [18, 25] . Antonovsky defined SOC as "a global orientation that expresses the extent to which one has a pervasive, enduring though dynamic feeling of confidence that (1) the stimuli deriving from one's internal and external environments in the course of living are structured, predictable and explicable; (2) the resources are available to one to meet the demands posed by these stimuli; and (3) these demands are challenges, worthy of investment and engagement" [25] . In a systematic review, SOC was strongly related to perceived health, particularly with regard to mental health [19] .
To date, there have been no studies about QOL in Chinese breast cancer patients that focus on the relationship between QOL and physical as well as psychological variables.
Study objectives
The overall objective of this study was to evaluate the associations between QOL and physical as well as psychological characteristics of Chinese breast cancer patients.
Our specific research aims were as follows:
( 
Methods

Study design and setting
This study is part of a Sino-German research network entitled "Patients with multiple somatic symptoms in China" [26] [27] [28] 
Subjects
The study was performed under routine clinical conditions on randomly assigned screening days between July 1, 2012, and June 30, 2013. Patients who entered a participating department of the abovementioned hospitals on one of the screening days were informed about the study by research assistants and were asked to participate. Written informed consent was obtained from all participants. Research assistants were well-trained clinical research nurses or medical master's students who were under the supervision of LT. The inclusion criteria were age older than 18 years, a diagnosis of breast cancer without any stage criteria, and adequate reading and writing skills. The exclusion criteria comprised severe physical and cognitive impairment, psychosis and acute suicidal tendencies.
.
Sociodemographic data and physical characteristics
The medical records were used to determine Karnofsky Performance Index Score (ranging from 0 
Assessment instruments
We used the following questionnaires:
The European Organization for Research and Treatment of cancer (EORTC) Core quality of life questionnaire (QLQ-C30)
The EORTC QLQ-C30 (version 3.0) is a 30-item questionnaire composed of multi-item scales and single items that reflect the multidimensionality of the QOL construct. It includes five functional scales (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, and nausea/vomiting), and a global health status/QOL scale. The remaining single items assess additional symptoms commonly reported by cancer patients (dyspnea, appetite loss, sleep disturbance, constipation, and diarrhea), as well as the perceived financial impact of the disease [29] . A higher score on the functional subscales and the global QOL represent a higher level of functioning and QOL. A higher score on a symptom subscale or item represents a higher (more severe) symptom level [30] . The standard Chinese version of the EORTC QLQ-C30 (version 3.0) is a valid instrument used to assess QOL in Chinese breast, ovarian, lung, head and neck, colorectal, stomach and brain cancer patients [31] [32] [33] ; there is no Chinese disease-specific module for breast cancer.
Somatic symptom severity scale of the patient health questionnaire (PHQ-15)
Patients were screened using the somatic symptom scale of the Patient Health Questionnaire (PHQ-15) [34] . The PHQ-15 is regarded as a somatization scale that was developed to assess the somatic symptoms that frequently accompany mental disorders rather than serious medical diseases. Two Chinese studies have shown that the Chinese version of the PHQ-15 exhibits satisfactory reliability and have provided preliminary evidence of its validity in the general population and in general health care [35, 36] .
Depression scale of the patient health questionnaire (PHQ-9)
This instrument assesses each of the nine DSM-IV depression criteria [37] . The PHQ-9 has been shown to be a reliable and valid instrument in Chinese patients [38] .
Anxiety scale (GAD-7)
The seven-item anxiety scale (GAD-7) was used to assess the severity of generalized anxiety and other common anxiety disorders [39] . The instrument has shown good reliability and criterion, construct, factorial, and procedural validity in a Chinese general hospital population [40] .
Health-related anxiety (WI-7)
Health-related anxiety was assessed with the 7-item Whiteley-7 index [41] . The Chinese version of the WI-7 has exhibited satisfactory reliability and internal validity in the general population [42] .
The brief illness perception questionnaire (BIPQ)
The brief illness perception questionnaire (BIPQ) [17] is an 8-item measure designed to provide a rapid assessment of a patient's cognitive and emotional representations of illness. High scores represent a more threatening and negative illness perception. The Chinese BIPQ has shown acceptable reliability and validity [43] .
Sense of coherence (SOC-9)
Sense of coherence was measured using a short version of the Sense of Coherence Scale (SOC-9) [44] . The SOC-9 provides a single-factor solution, with high scores reflecting a strong SOC. Cronbach's α for the Chinese version was 0.82 [45] .
Sample size calculation The estimated effect for the sample size calculation was based on our previous study about somatic symptom severity in general hospital outpatients in China [26] . For the correlation analysis approach in this article a sample size of 211 achieves 90% power to detect a correlation of .20 using a one-sided hypothesis test with a significance level of .05. For the canonical correlation analysis at least 10 observations per independent variable are helpful to avoid "overfitting" the data [46] . For our canonical correlation analysis with 16 independent variables and our sample of 250 we can come out to 15 participants per independent variable. This is enough for a canonical correlation analysis [46] .
Statistical analyses
Statistical analyses were performed with IBM SPSS Statistics 23.0 and Stata. Categorical variables were evaluated using the χ 2 -test. Continuous variables were evaluated using analysis of variance. Correlation coefficients were calculated to assess the relationships between QOL, clinical characteristics and psychological variables.
The interrelations between the different scales of the EORTC and the physical as well as the psychological variables were analyzed by canonical correlation. This type of analysis estimates the correlations between two sets of variables to determine what is common among these two sets and to test the parameters for significance. Canonical correlations help us to find relations between two sets of variables and to answer the question how many dimensions these relations have. Canonical correlation analysis produces model equations between the two sets of variables with the aim of a maximum correlation between both linear combinations. The stepwise method starts with a first pair of canonical variables and tests the canonical correlation for significance. After this first step, a second pair of canonical correlations is estimated with the constraint that they are not correlated with the first pair of canonical variables. The procedure stops at the minimum number of variables in both sets. All canonical correlations are tested for significance, and only significant correlations should be interpreted. For the canonical correlation analysis, we used the questionnaire scales only and not single items because the measurement error of single items seemed to be too high. Statistical analyses were conducted using an alpha level of 1% to avoid alpha inflation resulting from multiple testing. For the canonical correlation, we used an alpha level of 5%.
Results
Study sample
A total of 269 breast cancer patients met the inclusion criteria, and 254 patients (94.8%) provided informed consent. The documentation of cancer stage in the charts was incomplete (22% unknown), but the patients with missing data and the ones with complete data did not differ in QOL, sociodemographic, clinical or psychological variables. For the other variables, the percentages of missing data were less than 3%, with the exception of the Karnofsky index (7.5% missing).
Sociodemographic characteristics
The relationships between sociodemographic characteristics and the EORTC global score are shown in Table 1 . According to the 1% alpha level, only employment status showed a significant correlation with QOL. Retired and unemployed women had a better QOL.
EORTC descriptive statistics
The values of all scales and items and their correlations with the global score are shown in Table 2 . The global score showed moderate to high correlations with most of the scales and items. Only 2 items showed no correlation (diarrhea) or low correlation (financial difficulties) with the global score.
Clinical data and the EORTC global score
More than half of the patients (56.5%) were diagnosed with stage 1 or 2 cancer. The vast majority of the sample received some type of surgical procedure (n = 227, 89%) as well as chemotherapy or hormone therapy (n = 226, 89%); 102 (40%) patients received radiotherapy.
QOL was not significantly associated with the following oncological characteristics: cancer stage, cancer size, involved lymph nodes, metastases, radiotherapy, surgery and other severe diseases. Patients who received chemoand/or hormone therapy had a trend to worse QOL than patients who did not. However, QOL was associated with Karnofsky score (See Tables 3 and 4) .
Low QOL (EORTC global score) in breast cancer patients was significantly associated with all analyzed psychological variables including high somatic symptom severity (PHQ-15) as a measure of somatization, depression (PHQ-9), anxiety (GAD-7), health-related anxiety (WI-7), threatening and negative illness perceptions (IPQ), and lower SOC (see Table 4 ).
Canonical correlation
In the canonical correlation analysis of all significant variables, the strongest associations were found between the EORTC functioning (physical, emotional and social functioning) and somatic scales (fatigue, pain and nausea/vomiting) and the psychological variables such as somatic symptom severity, emotional distress (depression and anxiety), illness perception, and SOC (see Table 5 ).
Discussion
We investigated the associations between QOL and physical as well as psychological variables in Chinese breast cancer patients.
The majority of patients in the study were married, well educated, and diagnosed with an early stage breast cancer. The study population was representative of Chinese breast cancer patients regarding sociodemographic data such as age, cancer stage and treatment. The mean age in our study was 49.8 years. In five epidemiological studies and reviews the mean age of Chinese breast cancer patients was about 50 years [4, 5, [47] [48] [49] .
More than half of the patients in our study were in the earlier stages of cancer (56.5%). This percentage lies under the percentage of two large epidemiological studies [49, 50] with 61.5% and 80.1% stage 1 and 2 cancer. Even if it consistent with other studies, findings relate primarily to early stages of cancer. Cells with two or less participants were excluded from the analysis of variance Also the treatment distribution was similar to the large epidemiological study (n = 2252) of Peng et al. 2016 [49] .
Correlations of low QOL
In terms of our first research question, low QOL in Chinese breast cancer patients was found to be associated with higher somatic symptom severity and a lower Karnofsky performance index, with higher emotional distress, increased health-related anxiety, more negative and threatening illness perceptions, and a lower SOC. No significant associations were found between sociodemographic characteristics and QOL, with the exception of employment status.
Within this sample size of about 250 and some very small subgroups in the variable "life situation" controlling for non-metric potential confounders such as living arrangements is complicated. We should estimate a canonical correlation within each group. This is not possible with this sample size. Within a replication with a higher sample size this question can be addressed. It seems that being alone with children would be associated with higher QOL. This is an unexpected result. But the variance in this sample is high. Two of them have really low values. Because we have only 15 participations in this group we think we should not over-interpret this result.
Unemployed and retired patients surprisingly had a better QOL than employed persons. One reason for this finding could be that during the economic reforms work-related cognitive symptoms existed in breast cancer survivors, which made it difficult for them to adapt their work [51, 52] . But also during the economic reforms many women between 40 and 60 years lost their jobs and retired earlier. They cared for their grandchildren and had unregistered, temporary jobs to earn some money. Consequently, they had more leisure time, no job stress, fewer daily hassles and emotional and physical 
QOL and biomedical data
The results in the Chinese literature about the associations between QOL and cancer stage are inconsistent. In the study by Huang et al. 2013 [53] the QOL in the psychological, social and physical domains of patients at stage 0 and 1 were higher than patients at stage 3 and 4.
In the study by Yan et al. 2015 [54] no significant differences were found for QOL in the four cancer stages.
We belief that in a sample of about 250 participants an effect should be significant if this effect is existing in the population. The effects we found in our study are very low with a partial eta-square of .025. For this effect size and our sample size of 250 the analysis had only a power of .34. So for this effect size we would need a sample of nearly 1000 participants to reach a power of .9. A replication study can answer the question, if the not significant associations of QoL with cancer stage or size is related to a high proportion of earlier stage cancers, or could reflect a lack of statistical power in the sample.
Chemotherapy was not significantly associated with QOL. But the group of patients without chemo-and/or hormone therapy was small. A study among Chinese breast cancer patients during adjuvant therapy found that the percentage of participants with anxiety or depression was significantly higher in the chemotherapy group than in the other treatment groups [55] .
The high percentage with a stage being unknown (22%) was a problem for the analysis. We did some analysis with and without this group of participants but there are no real differences in the results. Because we want do the analysis for the primary research questions with higher statistical power we include these participants in the analysis. Post hoc tests (Tukey) show that there are no pairwise group differences between the stage groups. All pairwise differences tests for the EORTC global have p > = .4 as result.
QOL and psychological variables
Regarding our second research question, canonical correlation analysis found that all psychological variables including somatic symptom severity were strongly correlated with the physical, emotional and social functioning scales of the EORTC. Multiple somatic symptoms have been shown to be correlated with physical QOL after adjusting for anxiety, depression and disease severity [56] . In our previous studies, we investigated a mixed sample of Chinese General Hospital outpatients and found that high somatic symptom severity was associated with adverse psycho-behavioral characteristics and low physical and mental QOL [26] . In another former study, Chinese General Hospital outpatients showed associations between negative illness perceptions and poor mental and physical health status that were similar to those of primary care patients in Western countries [57] . In a cross-sectional study of cancer survivors from Hong Kong greater physical symptom distress and lower levels of optimism were associated with more negative illness perceptions [58] .
SOC was found to be an important contributor to both mental and physical health in Chinese General Hospital outpatients [45] . In a more homogenous group of physically ill Chinese breast cancer patients, we have now found that psychological variables play a major role in patients' QOL.
Strengths and limitations
Very few studies have assessed the association of physical and psychological variables with QOL in Chinese breast cancer patients. This study population was representative of Chinese breast cancer patients regarding sociodemographic data, cancer stage and treatment [2] .
The study also had some limitations: (1) The correlations demonstrated associations, and thus causality could not be inferred. Accordingly, the degree to which patients' illness-related thoughts and emotions were the consequence of breast cancer and its treatment cannot be determined. 
Conclusions
The major clinical implication of this study is the broadened view on psychological variables and their associations with physical, mental and social aspects of QOL. In addition to negative affectivity (e.g., depression and anxiety), which is well known, dysfunctional illness perceptions and low SOC in breast cancer patients should also be routinely addressed by Chinese physicians. A simple measure of the cognitive, affective, and behavioral aspects associated with bothersome somatic symptoms may be a helpful tool for screening [59] . Future studies should explore the possible cultural variations in psychological factors, e.g., illness perception and illness attribution in Chinese breast cancer patients, using qualitative methods. CC canonical correlation; significant parameters are presented in bold Dimensions 1-3: These three dimensions describe the three significant linear combinations between both sets of variables. Two vectors (sets) of variables and the correlations between these variables were described using linear combinations of the variables. The correlations were maximized and described in independent canonical correlations, presented here in three dimensions
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